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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a substrate for a solar cell which can make 
reduction in the defect density in crystalline silicon films compatible with an optical 
confinement effect using a roughened surface layer on the substrate for the solar cell, 
and to provide a thin film solar cell. 

SOLUTION: A thin film solar cell 20 is constituted by laminating a glass substrate 11a. 
a rear electrode lib, a roughened surface layer 1 1c, an N-type crystalline silicon layer 
12, an I-type crystalline siiicon layer 13, a P-type silicon layer 14, a transparent 
electrode 1 5. and a surface electrode 1 6 in this order. When a square mean value to 
show the roughened heights of the layer 1 1 c is used as an index to represent the 
roughness of the surface of the layer 1 1 c, the square mean value of the roughness of 
the layer 1 1c is set in the range of 15 to 600 nm. At the time when the angle of 
inclination of the roughened surface of the layer 1 1c to the mean oval of the roughness 
of the layer 1 1c is represented as 0, the value of tan0 is set in the range of 0.10 to 
0.30. 
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20 ^^}lj$||i|;= 1 8 n m. /b^Otan0 = O. 0 6 t\f^oJ^ 

[0 0 8 4] (mmm2) ^^m(Dnm±mmni(Dm(D 

[00 8 5] :^mmmxa. ±mmmmmm 1 1 
30 ai5/^>'>/(D|^lc:. i^mmyi<imm\^ 

»M*:isssi2o^f^ML/co ^Htcj:i9. m^mmm 

1 1 cOiy]r£b<7:>J^$;dS^*£0»Jl J:"? t::^t<?S5ri:;d5 

[0 0 8 6] itmmi^m 2 1 (7)?f^^sij{:i, m^mmm 1 

1 c (^?fJ4^^^MS-^®^T'm^ Lfc ^ ;i 5. «® 

T*<^iag355^ 400--1000n migS(7?[5&^^ifcfcC07v: 

r-^mm^thx\^^^ z t t-^^f)^^ /Co 
[0 0 8 7] ^fz. :z(Dm^m^Mi 1 c<Dmeim'^^ 

»iKX'^ {9 . :^Mmmx(om\^(Diim^mm^ 4 7 n m 

-eS>f9. tan0fiO. 2 3T*fcofCo 
[0 0 8 8] iy') '=^:^mt^hf^^%W^^m2 1Ttif$M 

p s y ^ 1 4 *® ^7)?f^i^^^Jm^pp^;^JS®^^c 
'0. tanGflO. 0 6T'feofCo 

[0 0 8 9] ^h\z^ ^m^^m2\mmk\zy.mM^ 
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^l220t (111) X;^lH]J?ft'-^c^fa5>3fiffillllCOi:b 

i22o/iiiif^2. 8T'fo'?> m&mi<Dm^tm^m^ 

[0 0 9 0] ::cO»li±|^a?l!l2 OtDAMl. 5 (10 
OmW/cm2 ) BBt^^{ij:TlCjott 5 1ffi#t4^ 
aiJ^Ufctr^. ®^m»i2 2. 9mA/cm2 , B| 

jjcsfffio . 5 0 1V. ifmm'f'^^o. 701. 

[00 9 1] J^Jli J: i9 . HtaSffi^ 1 1 c <omdhm^0k 

nm, ;6^ot a n0 = O. 2 3 . J:U?DIlEQ]^®Ji 1 1 
c (D^^(D'K(D\S,^jb^^ 4 0 O'-l 0 0 0 nm<hV^5^^ 

[0 0 9 2] fj:^. Ii^W^^i^= 2 0 n m. ;6^o tan 
0 = 0. 0 6 <hV^5 pMv-y =^>^)il 4<D[M]ifh?f^4ft;6Sjg 

[009 3] (^jfe«fij 3 ) :^%m(omm±mmM<D ^ h 

[00 9 4] *^ffi0^jTi^. i MSSfpR V y ^-g 1 3 
ffMc^^l-^ SiH4 ;^f^^2 5 0 SCCMir-r^r ^ 

Ji^^fi. ^jEFfi 2 ^ liMttr i.xmm±mmM 2 0 ^fiFSi 
[0 0 9 5] ^y^)^>mt^ht^h%n^^m2ii[^mk 

t a nGt^iO. 1 9-trfeofCo 

[0 0 9 6] ^^tCXlSlHlt^S^tTofc^r^S. (2 2 
0) ^fmm^'-^ <Dm'7^^^&l22Q^ (111) XlftHJ 
tif t O«55-3SSlllltDJ:bl220/Illl** 3 . 2 -efo 

»S£^Jl4b^J:TJ^2<7):^'g^^{J{SP{ii:T*fo^o 

[0 0 9 7] wCOWgic|^®Jfe2 OOOAMl. 5 (10 
OmW/cm2) fiStt^^TtCjott ^mj)E-Sffi#tt^ 
aO^Lfctr^. «D^mgS(i2 4. lmA/cm2 ^ ^ 40 
1fyMS.\^0. 5 0 0 V. fl^^^gj^tiO. 7 0 2. 3tmS 
^^5g,^fi8. 4 3%T*fco/c„ 

[0 0 9 8] r^OSm^. ^Jfel^Jl. 2CD:^<ti:ttii- 

y 3 1 4^®(7)ff$:K;e>^ 4'jSg*«'^3tF^iZit;i$fia?fe 
h(Ott^-oX\^^fz.}^X'h^t^'^hf\^^o 

[0 0 9 9] ^^±,X,^. T^^ft^iJtOpMv-y ^i^-ill 4 
^StOtKlibt^— ^^^<iS= 3 6 nm. ;i>^o t a n 0== 50 



14 

0. 1 9 ^v>^[lfla^ffiji 1 1 ctOtMltfitOffM^i+t-J: 
[0 10 0] (hh^^J) *^P^c7)»SI;fe!if®?iii(01tt5efi^(l 

[0 10 1] ^]^mmxit. mmmm(D=^iy'^:^^cr>m 
[0 10 2] v-y :=i:ym^^ht^^^M^^m^nM-r^ 

Lfc ^ :i 5. ^mX<D\SM^^ 5 0 — 2 O O n mUJ^(Dl^ 

^m'^(0'Kt'mf$.^tiX^^^^Zt-^^^6^^^-:>±o U;^^L7i 

[0 10 3] :i(^IlQt£li^®ji(7)«ffifl^JbcSrP?^Bl-P-^6 

2|s:i:be^<^y'rc5^[M]OcDi:^q^l$/ffi(il 2 nm-Cfct). 
t a n0{iO. 0 Sr-fco/c. 

[0 10 4] ^e>Jc. [lQa^B/i±lc:i/y ^iv^^jf^^ 

U/cm. X«*{HljFffe^fTofc^w5. (2 2 0) X^m 

tfft"-^(7)^^3S;9[i22o^ (111) xmm9x\i^-^(D 

a^i^54imiii<7)itl220/Illlf^3- 2-C^fcl9. ^js^a 

[0105] *l:b^^JcO»flIic^®?l&C0 AM 1.5(1 
0 0mW/cm2 ) flgt^^#Tt^*5lt^a«-m^#+i 
^?||J^ L/C ^ ;i ^> 19.5 m A/ c m2 , 

mnW±l'^0. 4 9 4V. ffmS^J^O. 6 9 9. 

^mSb*(i6. 7 3%-e$)ofCo ^JSi^yi~3(^^^ 
>fk LTV ^^^v S^m«<7)fii:;0Sj^/> lt v ^5 t ^o^^ 

[0 10 6] IK]t{b^cSjl(D[lDE£h(50i:^5p 
1 2 nmT*fe«9. tIi^o t a n 0 0 . 0 5i:V^9 

(Dm&^^^ 5 0 ~ 2 0 0 n mTil. _ttS^ l^^tl-. ^W^^e 

[0107] {vt%m) -^wmnmxmwrtm)}^^ 
mm\^'r^f^^\^. vt^(Dmmxmm:m^-^\^^xmmir 

mm 1 1 mm\:^ \^xmm±mmM^^m:\^fz.o 
[0 10 8] m'^i)wm^^1s=7:^mm^.\^'^^^cwx:^m 

A s a h i -U) 0±{C, S^hf"A^«?ilCj: I9S« 
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ilSl 5 OX:X-MWmJ(^t l^Xm^m^ 5 O O nm^t^fc 

59 sistE)^ 1 5 ox:vmt^m^m^ 5 0 n m 
[0 10 9] ^{bMrpMi^SH^BSv-y riv/iffM^' 
lo 1 1 0] z<DxmmMmmmco\m^mmmmmi: 

5/ KM-efc"?. Z:^¥it&fitfi3 2nmT*$)'9. tan0 
flO. 3 ST^fcofCo 

[0 111] ^>mt^htx:^%m^^m^mmk\z 

X^[B]5T&^^To/c^r.5. (2 2 0) xaiHlSfl:"-^ 

eos5^?tsi22o^ (111) ^^mmxM^-^o^m'^^ 

[0 112] ^(DW^XmW^(DAMl, 5 (lOOm 

L:rc^C5. S^®S£H2 1. OmAXcm2 , T^WlM. 
JEJiO. 4 9 1 V. ?F$t^@^JiO. 6 9 2.7fe^^^^Jj 

m-^t. s*&mss. 5B»s±. ?^^^B^^^7)v^•rtt^>fii: 
[0 1131 y^mm^m(o'^^tmrx^^^t. 

[0 114] ±Mmem-mm<o!Km^'ptj:< u ^^^^.^ 

[0 115] K±(^^J£«ra-3. itge^ik tS*0*Jco# 

1 S'-e 0 0 nmO®fflT'fo«9. ;i>o t a n 625^. 
O. 10-0. 30(^®fflT*fetb«. Siff^S^EBiA^am 

mmm^m\^ mm±mmM 2 0 ^mmx^ 5 c <i: t^^^^ 

[0 116] Dlii£b^®Sl 1 c (0'K<Dm&\'t. 2 

00~2000n mOOffifflX^fetbfz. .hlBc^CflEfiff^t'ciSO 

[0 117] ^h\Z^ pMi^y ^'V'il 1 4^®(7)IlQi£bO 
^ ^^-r 2 5 — 6 0 0 n mCOmmX^ 
75^0 1 a n0d5. O. 0 7 — 0. 2 0<D^mX^t\. 
$b{;iS$?*3tHi2^^:^Ot#ib:fX>5?5^*;^Sm2 



J6 

[0 118] j:oT. :^mm<o^mmMmws.x i^m 

[0 119] 

^m,^m:m{cm't^mmm\^i\::^thx\^^^:kmm 

10 ;^)^l 5 nm— 6 0 0nmtO®!a{-^c^5J:9[-^^^tVT 
,^^?r0 t Lfc^#0 t a n0;55o. 10 — 0. 30(D 

[0 12 0] ^^iA^IP:;^'^^g<^c^'9. 

[0121] ^f-^ Aimme}^mmmm^(Dum^^bt^: 

[0 12 2] ±?mmmm^(Dmu-hfj:^h(Dn. ± 
t Lxmitm^t^htj:^:zt\z,^ V) ^ m\tm^xm^^ 
mj&t^z.t\z,^ox^ ^Vft\.x^m\z.m^x^^t 

[0 12 3] jiiBiifli£hfi> ±.^m.mm'm!&(Diam^hfj: 

30 ^h(o\z.n\^x:r.y^i^{ftVirt>f\.^z.t\z,x.^m^^ 

y^i^ym^^^mM.^'s,'t^z.t\zx^x. mmm-m 
[0 12 4] :^^m(Dm.(D±m'mMmm^\t.. jikooj: 

m— 2 0 0 0 nm(7)^fflT'fc50&^S<4^^/cf^Ril4;^cD 
40 H ^ , -^t^)— 1 5 n m— 6 0 0 n m(0®ffl 
Mi4:ft^0^ Lfct#(D t a n0;55O. l 0 — 0. 3 0 

[0125] ^^c. ±ieyv:<7:>i:f^ji. 4 O O n m— 1 2 
0 0nmtO^iaT-fc^;i^5Cj:59, JifSi: fB5<^(D$am^ 

[0 12 6] *^P>^Jc#,^»!I;felSS?t!lJ3:. ±t^(D±m 
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[0 12 7] *:^P^{cJ:tvfi\ itmM^m^(r>X^^^ 

10 12 8] ±Mitmmm\m'r^±xe.^'^tm^m 

^^i^fE/ii^ 2 5 n m— 6 0 0 n mOtBIl 1-^.^5 J; 5 t-l^ 

^M<OfR#4lft^0^ Lybi:t(7) t a n0:6^O. 0 7-- 

0. 2 0CDi5ffl[ci^^$tbTv>;5::<h;^5<t'9&^bv\ 
[0 12 9] ctbt:iJ:»9. )tS^mii<7:)Mro^&il^^Di] 

54 5 0 — 6 5 0 nm^«c(^4'fifi«. JZtJ^S ^lil;^ 
[0130] wm%W&^m(0 0 'PtS:< thl oco 



i5 

r :^v'y >^T*Jt^m^«ll-$IJffl-e#?fcVNSK:& 7 O O n 

[EIS(7)ffl»7iSiPJ] 
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